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ABSTRACT
Optic disc drusen (ODD) are a well-recognised cause of an elevated optic disc appearance. When 
visible with ophthalmoscopy and fundus photography, ODD are readily identified. Yet, in more 
subtle cases of ODD, ancillary testing may be needed to render the diagnosis. Facilitating the 
diagnosis of ODD has clinical relevance, because affected individuals may otherwise undergo 
unnecessary costly and invasive investigations to rule out raised intracranial pressure and other 
causes of optic disc oedema. In this review, the role of established and emerging optical coherence 
tomography (OCT) techniques in the diagnosis and management of ODD cases is reviewed. A 
practical approach is taken to explain how to optimise use of commercially available OCT technol
ogy in the clinical setting. Optical coherence tomography provides many advantages over other 
imaging modalities in the diagnosis of ODD, including the ability to correlate retinal measures of 
neuroaxonal structure with drusen characteristics. Earlier spectral domain OCT techniques, how
ever, were hindered by poor penetrance. In the modern imaging era, enhanced depth imaging OCT 
and swept source OCT enable higher resolution of ODD and other optic nerve head structures that 
might otherwise be mistaken for drusen. Ongoing studies featuring OCT angiography indicate that 
this technique may provide complementary information about microvascular supply that correlate 
with structural measures of optic nerve injury. Advances in OCT will continue to improve diagnostic 
accuracy and inform clinical understanding regarding structure-function correlations germane to 
the longitudinal follow up of ODD patients.
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Introduction: What is the relevance of optic disc 
drusen to ophthalmic practice?

Optic disc drusen (ODD) are acellular deposits of 
calcium, amino acids, nucleic acids, and 
mucopolysaccharides.1 These lesions are located in 
front of the lamina cribrosa and typically cause an 
elevated optic disc appearance. Optic disc drusen are 
believed to affect 0.3% to 2% of the population.1–3 

These reports may underestimate overall prevalence, 
however, as clinically subtle cases may not be diag
nosed. For the vast majority of patients, ODD are 
bilateral.1 The pathobiology of ODD is still under 
investigation; yet, impaired axonal metabolism in 
genetically predisposed individuals, and the presence 
of narrow scleral canals are factors believed to play 
a role in drusen development.1

Optic disc drusen are relevant to clinical practice 
for several reasons. First, ODD can masquerade as 

papilloedema caused by elevated intracranial pres
sure (ICP) (Figure 1), posing a diagnostic challenge. 
This is an important scenario in which a reliable, 
accessible means of diagnosing ODD could spare 
patients costly and invasive procedures aimed at 
excluding causes of raised ICP. Second, ODD are 
accompanied by visual field defects in up to 87% of 
adult cases.1,3 Clinicians should therefore consider 
this diagnosis for patients with cryptogenic peri
metric abnormalities and an elevated optic nerve 
appearance. Finally, ODD may cause sudden-onset 
painless vision loss through a variety of mechanisms 
including non-arteritic anterior ischaemic optic neu
ropathy (NA-AION), central retinal artery occlu
sion, central retinal vein occlusion, and choroidal 
neovascularisation.1,3–7 In two recent retrospective 
studies of young individuals (aged 50 years or less) 
with NA-AION, 51% to 53% of NA-AION eyes 
harboured ODD.6,7 Hence, ODD may represent an 
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independent risk factor for NA-AION and should be 
considered in the differential diagnosis, particularly 
for younger patients who lack known risk factors for 
this condition.6,7

Diagnosing optic disc drusen: A changing 
paradigm

The diagnosis of ODD is easily rendered in cases of 
superficial drusen clearly visualised by ophthalmo
scopy and fundus photography. Traditionally, 
B-scan ultrasonography, intravenous fluorescein 
angiography (FA), colour and autofluorescence 
fundus photography, computed tomography (CT), 

and earlier generations of optical coherence tomo
graphy (OCT) have all been employed as ancillary 
tools to confirm diagnosis, when the presence of 
ODD is less readily apparent (Table 1). Each testing 
technique has its advantages and disadvantages, the 
full details of which are beyond the scope of this 
review. An important limitation of B-scan ultraso
nography and CT imaging is that detection requires 
adequate calcification of the ODD (ergo, less calci
fied drusen may be missed); whereas, intravenous 
FA and fundus autofluorescence are insensitive to 
deeper lying ODD.1,3,8 As an imaging modality, 
only OCT facilitates ODD detection, and provides 

Figure 1. Colour fundus photographs showing the comparable appearance of optic disc elevation in (a) an 8-year-old boy with buried 
optic disc drusen (right eye) and, (b) a 23-year-old woman with idiopathic intracranial hypertension and associated papilloedema (left eye).

Table 1. Ancillary testing modalities used to diagnose optic disc drusen (ODD).
Imaging Modality Finding Advantages Disadvantages

B-Scan  
Ultrasonography

Calcified ODD are hyperechoic, highly 
reflective round structures identified by 
their posterior acoustic shadowing

Entire area of the optic disc is scanned, 
Non-invasive 
Can be used in children

Offers relatively poor resolution of ODD 
Provides no information regarding the 

neuroaxonal integrity of the optic 
nerve and retinal structures 

Requires adequate calcification to detect 
ODD 

Is operator dependent; interpretation is 
subjective

Fundus  
Autofluorescence

ODD show autofluorescence on scanning 
laser ophthalmoscopy 

ODD appear as round or oval hyper- 
autofluorescent structures with irregular 
edges

Cost effective 
Non-invasive 
Little subjective interpretation required

Does not reliably detect deeper lying 
ODD possibly because of attenuation 
from overlying tissue

Intravenous  
Fluorescein  
Angiography

ODD show nodular optic disc staining and 
delayed filling of the peripapillary 
choriocapillaris

Can be useful for differentiating ODD from 
other causes of optic disc oedema, even 
in cases of buried ODD, 

Can detect associated choroidal 
neovascularisation

Invasive 
Allergic reactions 
Time consuming

Computed  
Tomography

ODD appear as hyperdense spots in the optic 
nerve head

Non-invasive 
Useful for detection of optic nerve sheath 

meningiomas (which are also calcified) 
in the diagnostic process

Costly 
Radiation exposure 
Relies on adequate calcification for ODD 

detection 
Apt to miss smaller ODD due to slice 

thickness
Spectral domain 
Optical Coherence 

Tomography

ODD have a hyperreflective anterior margin Non-invasive 
Can detect associated neuroaxonal injury

Poor penetrance limits characterisation 
of ODD, particularly in a swollen optic 
disc
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the ability to correlate ODD characteristics with 
surrogate measures of neuroaxonal integrity in the 
anterior visual pathway, namely peripapillary ret
inal nerve fibre layer (RNFL) thickness and gang
lion cell layer (GCL) thickness. In recent years, 
OCT has been used more regularly in the evalua
tion of ODD. Early spectral domain (SD) OCT 
studies captured superior images of ODD morphol
ogy than prior methods, and identified ODD as 
having a signal-poor core with a hyper-reflective 
anterior border, likened to a superficial “cap”.1,3,8 

With SD-OCT techniques and the time domain 
OCT techniques that preceded them, posterior bor
ders of ODD and deeper structures in the prelami
nar optic nerve remained indistinct, or in some 
cases invisible1,3,8 due to the technical challenge of 
poor penetrance (Table 1, Figure 2). This led to 
erroneous diagnoses of peripapillary hyper- 
reflective ovoid mass-like structures (PHOMS) as 
drusen, and prior depictions of the so-called ‘lazy 
V’ pattern or ‘lumpy bumpy’ internal contour of 
the subretinal hypo-reflective space as signs of 
ODD.1,9,10

Subsequent advancements in enhanced depth 
imaging (EDI) OCT have led to a “changing of 
the guard” in terms of how ODD are diagnosed 
and characterised. Compared with ultrasonogra
phy and conventional SD-OCT, EDI-OCT better 
captures the prelaminar optic nerve head, espe
cially the deeper structures below Bruch’s mem
brane opening. Consequently, EDI-OCT enables 
sharper spatial resolution and improved identifi
cation of structural lesions of the optic nerve 
head.1,3,8 In the published reports to date, 
ODD have been consistently identified as 
rounded, hypo-reflective structures with a full 
or partial hyper-reflective anterior margin.1,3,8 

The hypo-reflective core of a druse results from 
its uniform refraction index and lack of reflec
tive internal optical interfaces.1,3,8 The hyper– 
reflective outer rim demarcates the sharp optical 
interface between a druse and neighbouring tis
sue. Located anterior to lamina cribrosa, ODD 
can be solitary, multiple, coalescing or clumped 
together in conglomerated multilobed structures 
(Figure 3).1,3,8

Guidelines put forth by the Optic Disc Drusen 
Studies (ODDS) Consortium,11 outline how newer 
iterations of OCT may be used to evaluate optic 

nerve head morphology, RNFL thickness, macular 
regions, and autofluorescence properties to diag
nose ODD (Table 2). Specifically, EDI-OCT reveals 
collections of several smaller ODD that coalesce to 
form larger conglomerates, with a patchy internal 
reflectivity found within a larger hypo-reflective 
area.11 Prelaminar, short hyper-reflective lines 
lying perpendicular to the ganglion cell axons, are 
often found in eyes with ODD. These may reflect 
early drusen changes.3,12 Besides the clinical classi
fication of “deep” versus “superficial” drusen, three 
OCT morphologic types have been described by 
Traber et al., namely: peripapillary ODD; granular 
ODD and confluent ODD.13 Yet, there is dispute 
regarding the true identity of “peripapillary ODD”, 
which the authors of the present review consider to 
be PHOMS, not drusen. While the cause of 
PHOMS is unclear, these lesions are believed to 
reflect axoplasmic flow stasis. Notably, PHOMS 
have several imaging features, which are distinct 
from ODD including their: (1) location in the 
immediate peripapillary zone; (2) hyper-reflective 
appearance; (3) lack of clearly defined margins; 
and, (4) absent hypo-reflective core (Figure 3). 
Blood vessels, which appear as elongated tube-like 
structures, may also be mistaken for ODD, but can 

Figure 2. Spectral domain optical coherence tomography (OCT) 
images of a 25-year-old woman with large optic disc drusen 
(ODD) (white asterisk). Enhanced depth imaging OCT in the 
lower image clearly shows the advantage of this technique, by 
depicting the posterior delineation of the ODD and lack of 
shadowing of the drusen, as compared with the top image.
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be distinguished by the absence of a surrounding 
hyper-reflective signal.3

A “hands on” approach to evaluating optic disc 
drusen with enhanced depth imaging optical 
coherence tomography: Optimising image 
quality

In 2016, the ODDS Consortium convened to develop 
consensus recommendations for the diagnosis of 
ODD using EDI-OCT. During this meeting, discuss
ing ODD morphology and creating an optimal OCT 
scanning protocol were prime objectives. An EDI- 
OCT protocol (Heidelberg Engineering), which 
included a dense high-resolution EDI-OCT scan of 
the optic nerve head was implemented in 38 patients, 
previously diagnosed with ODD. The scans were 
assessed and selected by the writing committee for 
an iterative four-step standardisation process. The 
EDI-OCT findings were then compared with histo
pathological specimens from the literature. The 

process resulted in a protocol, which was later dis
cussed, edited, and approved by consensus, as sum
marised in Table 2. In addition to characterising EDI- 
OCT features used to diagnose ODD, the ODDS 
Consortium identified common artefacts that should 
be distinguished from ODD.

Practical tips to guide the interpretation of EDI-OCT 
of the optic nerve head

ODD: Identifying anatomical location
By convention, ODD can be classified on ophthal
moscopy as visible or buried, and on OCT (and 
histology) as superficial or deep. Yet, the ophthal
mic designations of ODD as being “visible” versus 
“buried” are purely descriptive; in fact, ODD can
not be correlated as being superficial or deep with
out having matching histology, or alternatively, 
OCT data from the same patient. With EDI-OCT, 
ODD can be defined as superficial if the bulk of the 
lesion(s) is located above a line connecting Bruch’s 

Figure 3. Optic disc drusen morphology in a 22-year-old woman, shown with enhanced depth imaging optical coherence tomography. 
The drusen are seen as signal-poor structures (asterisk) with a partial hyper-reflective margin (solid white arrowhead). Prelaminar 
hyper-reflective lines (open white arrowheads) are thought to represent drusen precursors. Peripapillary hyper-reflective ovoid mass- 
like structures (longer white arrow) circumscribe the disc and likely represent herniated nerve fibres due to crowded optic nerve head 
conditions. Blood vessel shadows are denoted with v’s.

Table 2. Enhanced depth imaging (EDI) optical coherence tomography and autofluorescence protocol specifications for identifying 
optic disc drusen (ODD).

Prior to Scanning Optimise scan quality by dilating pupils as needed, measuring corneal curvature and refraction
Acquisition To visualize deeper structures, use EDI mode, then type in corneal curvature and refraction in the operator system
Dense optic nerve head 

(ONH) scan
To identify ODD, select EDI mode and high-resolution acquisition, centre a scan area of 15 × 10 degrees covering the entire 

optic disc area, scan with 97 sections in that area (30 μm between scans), average at least 30 frames, and perform the 
volume scan in horizontal (axial) direction only

Radial ONH scan Assess scleral canal size by using EDI mode, select 20-degree 6-line radial scan, and centre scan at optic disc
Peripapillary scan Evaluate RNFL thickness by deselecting EDI mode, select 12-degree peripapillary scan, and centre scan at optic disc
Macular scan To exclude macular pathology, deselect EDI mode, centre scan area of 20 × 20 degrees over macula, scan with at least 25 

sections (240 μm between scans), and average at least 9 frames
Autofluorescence To identify autofluorescence, centre scan at optic disc, and average 100 frames
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membrane opening on either side of the optic disc, 
and deep if the bulk is located below this line 
(Figure 4).

ODD: Determining size
On EDI-OCT, a scale bar measuring 200 µm is 
present in the lower left corner of the cross- 
sectional OCT image (Figure 4). Traber et al.13 

have categorised ODD as small (<300 µm), medium 
(300–500 µm), or large (>500 µm) based on the 
maximum drusen diameter determined with EDI- 
OCT. Another easy and perhaps more practical way 
to classify the ODD is to say that large ODD are 
more than 200 µm in at least one direction, and 
small ODD measure less than 200 µm in diameter, 
in both directions. Sometimes small ODD aggre
gate into conglomerates, in which individual ODD 
are so small, they cannot be readily visualised.

Calculating ODD volume
The volume of individual ODD can be calculated by 
manual segmentation of ODD, using 97 EDI-OCT 
B-scans per optic nerve head with specialised segmen
tation software. In a study of 37 patients with either 
visible (seen by ophthalmoscopy) or buried (only 
visible by EDI-OCT) ODD, lesional volumes deter
mined with this technique directly correlated with 
optic nerve function.14 In this study, larger ODD 
volume, in lieu of the anatomic localisation of the 

ODD within the optic nerve head, was associated 
with worse visual field defects.14 Notably, the manual 
ODD segmentation technique is labour intensive and 
will probably be replaced by artificial intelligence (AI) 
facilitated automated systems in the future.

Prelaminar hyper-reflective lines
Prelaminar hyper-reflective lines are often seen juxta
posing or completely isolated from ODD (Figure 3). 
Occasionally, they can be seen in optic nerve heads 
with no ODD. Hyper-reflective lines on a single OCT 
section may only seem isolated until their “parent” 
ODD is detected on adjacent OCT sections.3 When 
truly isolated hyper-reflective lines are seen, however, 
they are always situated deep in the optic nerve head, 
both anterior, and in close proximity, to the lamina 
cribrosa (Figure 3). Isolated hyper-reflective lines are 
typically short, oriented perpendicular to the OCT 
beam, and clustered together in smaller vertical 
groups. Hyper-reflective lines do not seem to be an 
imaging artefact, because they persist in their location 
or develop into ODD over time. In a recent 5-year 
follow-up study of 17-year-old individuals with ODD, 
all incident ODD developed at locations where hyper- 
reflective lines were visualised 5 years prior.12 

Furthermore, eight eyes with ODD at baseline had 
developed new ODD where there were previously 
hyper-reflective lines.12 The documented progression 
from prelaminar hyper-reflective lines to ODD 

Figure 4. Enhanced depth imaging optical coherence tomography from five different patients with optic disc drusen (ODD). Upper 
panel: a line connecting the Bruch’s membrane openings on either side of the optic disc can be used to categorise ODD by location, 
namely (a) superficial and (b) deep depending on where the bulk of the drusen material is located. Lower panel: The scale bar in the 
lower left corner can be used to categorise ODD by size including large (c), referring to drusen measuring greater than 200 μm in at 
least one direction (arrow), and small (d), referring to drusen that are smaller than 200 μm in all directions (arrow). Conglomerates of 
ODD (e) are made up of multiple smaller drusen (arrow) that cannot be clearly differentiated from one another.
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support the concept that these lines are ODD precur
sors. Yet, definitive proof of what the prelaminar 
hyper-reflective lines truly represent awaits histo
pathological confirmation.

Peripapillary hyper-reflective ovoid mass-like 
structures (PHOMS)
Patients with ODD are sometimes observed to have 
co-existing PHOMS on OCT imaging (Figure 3). In 
the ODDS Consortium recommendation study, 28 
out of the 38 patients with ODD had PHOMS.11 

The identity of PHOMS has been a source of con
fusion and debate in the published literature. These 
OCT lesions are located in the peripapillary region, 
and not in the optic disc itself. They characteristi
cally ‘sit’ on top of Bruch’s membrane. Moreover, 
on the superior aspect of PHOMS there usually is 
an upward deflection of at least two of the other 
retinal layers, akin to a “ski slope” (Figures 3 and 5). 
Unlike ODD, PHOMS do not autofluoresce, are not 
visible on B-scan orbital ultrasonography, and 
appear hyper-reflective (instead of hypo-reflective) 
with OCT. Using these characteristics, the ODDS 
Consortium found the inter-rater level of agree
ment for detection of PHOMS to be good (kappa 
0.701).15 Notably, PHOMS are not directly visible 
by ophthalmoscopy but may elevate the optic nerve 
head at the disc margin, corresponding to the 
C-shaped halo in myopic obliquely inserted discs. 

In addition to ODD, PHOMS have also been asso
ciated with optic disc oedema from a variety of 
other causes including: papilloedema, NA-AION, 
central retinal vein occlusion, papillitis, and tilted 
or myopic obliquely inserted discs.16 In fact, the 
first report describing PHOMS was published by 
Pichi et al. in 2014, in paediatric cases of tilted optic 
disc syndrome.17 Recently, PHOMS were investi
gated using OCT angiography (OCTA) in two cases 
of tilted disc syndrome, and one case of ODD. In 
this small case series, OCTA identified a vascular 
complex within the PHOMS consistent with the 
theory that these structures correspond to herniat
ing axons.18 Finally, histopathological studies of 
papilloedema and ODD eyes have shown bulging 
or herniation of distended axons laterally into the 
regions where PHOMS are typically seen on 
OCT.19–21

Blood vessel artefacts
Normal retinal blood vessels imaged in cross- 
section can occasionally be mistaken for ODD on 
OCT, due to the decreased intravascular reflectiv
ity. The vessels appear in the inner superficial layers 
of the optic disc. The arteriole-venule pair may be 
recognised by a ‘figure of eight’ configuration.22 

Furthermore, a characteristic vessel wall reflection 
and shadowing of underlying optic nerve head tis
sue are distinctive imaging features (Figure 3). 

Figure 5. Enhanced-depth imaging optical coherence tomography imaging shows peripapillary hyper-reflective ovoid mass-like 
structures (PHOMS) in a 23-year-old woman with idiopathic intracranial hypertension (upper panel), and in a 13-year-old boy with 
optic disc drusen (lower panel). The two main characteristics of the PHOMS are: the upward deflection of retinal layers on top of the 
drusen creating the ‘ski slope sign’ (arrowheads), and the visible hyper-reflective Bruch’s membrane (longer white arrows) underneath 
the PHOMS. The PHOMS (encircled in white) are annotated to the right.
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Vessels imaged in a longitudinal direction demon
strate a tri-layer profile with decreased intravascu
lar reflectivity. In contrast, vessels imaged more 
obliquely often demonstrate a hyperdense ‘head’ 
(without a visible ‘figure of eight’ configuration) 
and show underlying shadowing. As a practical 
tip, a long tubular blood vessel can be distinguished 
from an ODD deposit simply by scrolling through 
adjacent cross-sectional OCT images to delineate 
the three-dimensional nature of the optic nerve 
head structures.

Using EDI-OCT to detect ODD: Pearls and pitfalls

For optimum image quality and signal strength, the 
patient is often dilated prior to OCT. In our experi
ence, pupillary dilation is not essential for diagnos
ing ODD in the vast majority of cases and is not 
performed routinely in our clinics. To achieve max
imal diagnostic sensitivity, it is very important to 
scan with 97 sections through the optic nerve head 
(which equates to 30 µm between each section), 
averaging at least 30 frames. To reliably exclude 
ODD using EDI-OCT, this degree of spatial resolu
tion is an absolute prerequisite. In an early ODD 
histopathology study of 15 cases published by 
Friedman in 1975, ODD ranged from 50 to 
750 µm in diameter.23 A subsequent clinicopatho
logical correlative study of 18 ODD cases showed 
calcified bodies ranging from 5 to 1000 µm in 
diameter.21 In this latter study, however, many of 
the smallest ODD were seen in clusters, equivalent 
to the conglomerates seen in later OCT reports. In 
a retrospective multicentre EDI-OCT study, exam
ining the prevalence of ODD in cases of young NA- 
AION, patients could not be included if their OCT 
was performed with less than 97 B-scans.7 Notably, 
OCT imaging can be performed in both horizontal 
(transverse, or axial) and vertical (sagittal) planes, 
which increases the chance of detecting ODD smal
ler than 30 µm in diameter. In our experience this is 
only necessary to do for research purposes, as the 
added detection rate is probably low, and the time 
required to do the scans in both planes increases 
almost two-fold. In the clinical setting, we only scan 
in the horizontal plane.

As ODD are located anterior to lamina cribrosa, it 
is a good idea to visualise this anatomic structure to 
ensure that the entire prelaminar optic nerve head 

OCT is available for subsequent analysis. However, 
in ODD cases with more severe optic nerve head 
elevation, sub-optimal depth penetration of the ima
ging laser may be a limitation. Finally, in order to 
localise and characterise ODD (and detect co- 
existing PHOMS and hyper-reflective lines) it is 
important to scroll through all 97 sections of the 
optic nerve head, using the recommended OCT 
scanning protocol (Table 2).11 As previously men
tioned, this routine also helps to distinguish ODD 
from potential mimickers, including PHOMS and 
blood vessels. Ambiguous structures can also be 
clarified by reformatting the slices from horizontal 
to vertical, using the OCT viewing software.

Emerging OCT techniques: Swept source OCT 
versus spectral domain EDI-OCT

Advances in ocular imaging technologies have 
made the investigation of deeper structures of the 
posterior pole and optic nerve head possible. The 
choroid, the sclera and structural details of the optic 
nerve head, down to the lamina cribrosa can be 
visualised by OCT. With this non-invasive, in vivo 
imaging technique, smaller and deeper lying com
ponents of ODD can also be detected. Two main 
approaches are currently commercially available: 
the method of performing EDI with SD-OCT 
devices as first described in 2009 by Spaide et al.24; 
and the more recently introduced swept source 
OCT (SS-OCT) technology.

State of the art OCT advancements

Low-coherence interferometry is the basic principle 
of OCT. Analogous to ultrasonography, echoes in 
backscattered light from ocular tissues and 
a reference source are compared and analysed. The 
spectrometer-based SD-OCT uses a broadband light 
source (around 840 nm wavelength) with good sen
sitivity and signal-to-noise ratio in retinal tissue, and 
scan rates up to 85,000 A-scans per second. Inherent 
to this method is a decrease in signal strength with 
increasing tissue depth. For visualisation of struc
tures beneath the retinal pigment epithelium, this 
signal decrement can be countered by positioning 
the OCT device closer to the eye. This modified EDI 
technique shifts the maximum sensitivity of the sen
sor from the conventional position of the 
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vitreoretinal interface, to the level of the choroid and 
sclera. This adjustment, in turn, enhances visualisa
tion of deep lying structures. Image contrast is 
further increased by averaging of multiple scans. 
With real-time eye tracking, multiple scan repeti
tions per line are acquired (30 times or more as 
recommended by the ODDS Consortium) and then 
averaged into one B-scan. This results in significantly 
reduced speckle-noise, and improved contrast of 
deeper lying structures.25

Swept source OCT has a different operational sys
tem and demonstrates less sensitivity loss with 
increasing imaging depth. Specifically, SS-OCT uses 
a 1050 nm light source that allows better tissue pene
tration, albeit with slightly lower axial resolution. The 
faster scan rates (100,000 A-scans per second or 
higher) achieved with SS-OCT yield fewer artefacts 
caused by eye movement, and provide superior image 
quality relative to SD-OCT. These properties translate 
to higher scan-speeds, denser scan-patterns, and 
improved visualisation of structures beneath the level 
of the retinal pigment epithelium. A comparative 
study by Waldstein et al.26 investigated the image 
penetration depth between EDI-OCT and SD-OCT, 
when visualising the choroid and choroid-sclera inter
face. Volume scans obtained with SD-OCT, using the 
aforementioned EDI technique, were compared with 
those acquired with SS-OCT imaging (without frame 
averaging). The authors found a similar signal pene
tration depth for both devices. They deemed image 
contrast to be higher for the SD-OCT device, most 
likely because of the effect of averaging multiple 

frames. However, SD-OCT imaging was also asso
ciated with significantly longer acquisition times, 
which was a relative disadvantage.26 Unpublished 
data (personal communication: Rothenbuehler and 
Hamann) from head-to-head comparisons between 
SD-OCT and SS-OCT have shown comparable visua
lisation of ODD lying below the level of Bruch’s 
membrane opening. Similar to the observations of 
Waldstein and colleagues, the B-scan image quality 
was higher with frame average on SD-OCT, whereas 
SS-OCT allowed faster scan times. In future studies, 
SS-OCT could be performed with frame averaging to 
further increase image quality and better delineate 
deep prelaminar structures. For daily clinical practice, 
if EDI performed with SD-OCT is not an option, a SS- 
OCT volume scan performed without frame averaging 
remains a good imaging alternative to detect super
ficial and deep ODD (Figure 6, Table 3).

Future directions in OCT technology

The longer wavelength and higher scan speeds of SS- 
OCT permit deeper tissue visualisation, at high scan 
density. As a further innovation, SS-OCT data can be 
combined with OCTA data into a single scan. These 
features, when applied to volume scanning of the 
optic nerve head, facilitate ODD diagnostics. 
Specifically, SS-OCT can detect small ODD bodies 
down to the level of the lamina cribrosa and quantify 
neuroaxonal injury. Optical coherence tomography 
angiography and SS-OCT can be used in concert to 
visualise vascular flow changes associated with ODD, 

Figure 6. Comparing spectral domain (SD) optical coherence tomography (OCT) (a) and swept source (SS) OCT (b) images from 
a volume scan of an eye with deep ODD. The SD-OCT scan was performed with enhanced-depth imaging (EDI), and included frame 
averaging techniques. Both OCT scans depict comparable images of optic disc drusen, showing a hypo-reflective core (white asterisk) 
and hyper-reflective margins. The associated prelaminar hyper-reflective lines (white arrow) are slightly more visible with the SD-OCT 
EDI scan (a).
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PHOMS and hyper-reflective lines within the optic 
nerve head. Together, SS-OCT and OCTA can pro
vide complementary information regarding tissue cir
culation in the peripapillary region. Analogously, 
volume scans of the macula (including the GCL) 
provided by SS-OCT and corresponding OCTA mea
sures of vascular density can be correlated with tests of 
visual function. Hence, SS-OCT alone, or in combi
nation with OCTA provides a wealth of imaging data 
that can be used to predict vision loss. Ultimately, 
these emerging OCT techniques will inform our 
understanding of structure-function relationships in 
cases of ODD. Future iterations of OCT can be 
expected to further increase image resolution, pene
tration depth, and acquisition speed. Currently, iden
tifying the posterior border of ODD proves 
challenging in many cases, as overlying vascular struc
tures attenuate the OCT signal. Reliable visualisation 
of the posterior border would allow quantification of 
ODD volume. Together with the applications of AI, 
automatic detection and segmentation capabilities 
will enable detailed 3D-visualisations of ODD and 
facilitate quantitative measures in longitudinal follow 
up (Figure 7). In a more immediate time frame, the 
widespread adoption of OCT devices will continue to 
expand, so that this technology will become ubiqui
tous in all eye care settings. Higher numbers of rou
tine screenings with OCT will yield an expanding 
body of information about deep structures of the 
optic nerve head. Thus, the rate of incidental detection 
of ODD will likely increase in the future, along with 
innovations regarding the optimal strategies to man
age ODD patients.

The role of OCTA in the management of ODD

As mentioned, OCTA is an emerging imaging tech
nique that can be used to indirectly to capture func
tional changes in macular and peripapillary 
microvasculature, quantify vessel density, measure 
vessel length density, evaluate vascular tortuosity, 

and study vascular flow dynamics.27–31 Previous 
OCTA studies have shown microvascular attenua
tion around the optic nerve head in ODD eyes.27–30 

Fard et al. used OCTA to demonstrate a significant 
reduction in peripapillary vessel density in papilloe
dema and pseudo-papilloedema eyes (including 
cases of ODD) as compared with control eyes.32 

Interestingly, these investigators reported no differ
ence in peripapillary vascular density between eyes 
with papilloedema versus pseudo-papilloedema. 
However, when large vessels were excluded from 
the quantitative analysis, peripapillary capillary den
sity measures in eyes with papilloedema were not 
different from control eyes. Eyes with pseudo- 
papilloedema, however showed reduced capillary 
density, which persisted even after excluding large 
vessels.32 Thus, OCT measures of whole image capil
lary density might distinguish cases of papilloedema 

Table 3. Alternative swept source optical coherence tomography (OCT) protocol specifications for identifying optic disc drusen.
Prior to Scanning Optimise scan quality by dilating pupils, and consider lubricating drops for ocular surface disease
Dense optic nerve head 

(ONH) scan
Choose 3D volume scan or OCT angiography scan (scan size of 4.5 mm x 4.5 mm, or 6 mm x 6 mm) with ample coverage of the 

disc and margin, set resolution to maximum, and set fixation target for disc
Radial and circular ONH scan Chose dedicated disc scan pattern for peripapillary circle scan for retinal nerve fibre layer profile, radial scan pattern for Bruch’s 

membrane opening assessment, and accurate measurement of scleral canal size
Acquisition Careful instruction of the patient to facilitate good fixation, and ensure scan centration on the disc. If frequent loss of fixation or 

blinking occurs, consider multiple repetitions of scans to assess and discard later

Figure 7. Three-dimensional visualisation of deeply localised 
optic disc drusen derived from a swept source optical coherence 
tomography optic disc volume scan. The large, solid drusen are 
buried within the optic nerve head tissue (which are faded in this 
artistic rendering, to allow better visibility). (Image processing 
and visualisation by Peter Maloca, Institute of Molecular and 
Clinical Ophthalmology Basel, Switzerland).

NEURO-OPHTHALMOLOGY 9



from pseudo-papilloedema, since the latter have 
lower peripapillary capillary densities compared 
with papilloedema eyes.31, 32

Recently, Maloca et al. used OCTA to describe 
ODD channels through which blood vessels 
migrate.33 In related work, Cennamo et al.27 evaluated 
13 ODD patients with OCTA and reported lower flow 
indices and peripapillary vessel density measures in 
ODD eyes relative to normal eyes. Finally, Yan et al.30 

compared OCTA and static perimetry findings 
between 17 patients with ODD (29 eyes) and 35 
control subjects (53 eyes). In this study, ODD eyes 
had significantly worse visual field mean deviation, 
lower RNFL thickness values, and decreased peripa
pillary vascular density measures compared with 
controls.30 These investigators described five key mea
surements that best correlated with visual field loss 
including: thinning of the peripapillary RNFL; 
reduced ganglion cell inner plexiform layer (GCIPL) 
thickness; decreased peripapillary vessel area density; 
increased macular vessel diameter; and increased 
macular flux (defined as the number of blood cells 
passing through a retinal vessel cross-sectional area 
over time).30 The relative increase in macular vessel 
diameter and flux were novel findings, and were 
noted to occur in ODD cases with mild visual field 
loss and relative preservation of neuroaxonal 
integrity.30 The authors suggested that early increases 
in macular vessel diameter and flux may represent 
autoregulatory changes in retinal microvasculature. 
Specifically, these vascular adaptations were proposed 
to compensate for deleterious effects of ODD on 
surrounding vasculature and structure by increasing 
overall retinal blood flow.30 By way of comparison, 
loss of peripapillary vessel density was suggested to be 
a later stage phenomenon, manifesting in the setting 
of progressive retinal ganglion cell axon loss, and 
worsening visual field function.30 From their findings, 
the authors suggested that future OCTA studies in 
patients with ODD should include both macular and 
peripapillary OCTA measurements in the same eyes, 
in order to validate increased macular vessel diameter 
and flux as putative OCT biomarkers of neuroaxonal 
injury.30 As a technology, OCTA may be used to 
correlate changes in microvascular supply with struc
tural measures of optic nerve injury. The emerging 
studies on this topic indicate that the role of OCTA in 

the study of ODD is an intriguing line of scientific 
enquiry that warrants further investigation.

Using OCT to distinguish ODD from 
papilloedema: Putting principles into practice

Optical coherence tomography can be used to dis
tinguish ODD from other causes of optic disc 
oedema, including papilloedema, even when these 
diagnoses co-exist in the same patient. In general, 
OCT is not needed to differentiate relatively severe 
cases of papilloedema from obvious cases of ODD. 
In the more challenging clinical setting of mild optic 
disc elevation, however, EDI-OCT can offer addi
tional information that is not apparent from history 
or routine ophthalmic assessment, as summarised in 
Table 4. Previous studies have shown that peripapil
lary RNFL values may be higher in cases of true 
papilloedema, as compared with ODD, particularly 
in the nasal and the inferior sectors.3,34–38 In a SD- 
OCT study that included 42 eyes with papilloedema, 
37 eyes with pseudo-papilloedema, and 34 normal 
eyes, Fard et al.39 found thicker RNFL values in cases 
of true papilloedema versus pseudo-papilloedema. 
An average RNFL thickness of more than 127 μm 
had 73% sensitivity and specificity for distinction of 
papilloedema from pseudo-papilloedema.39

As an additional distinguishing OCT feature, 
Bruch’s membrane layer opening measures have 
been shown to be smaller in ODD eyes relative to 
eyes affected by papilloedema. In the Copenhagen 
Child Cohort Eye Study,40 children with ODD had 
narrower scleral canal openings, relative to control 
subjects. Yet, a study of adults revealed larger scleral 
canal sizes in individuals with ODD relative to control 
eyes.40 It has therefore been proposed that as ODD 
grow in size they may cause an outward displacement 
of Bruch’s membrane, leading to larger scleral canal 
measurements over time.3 For this reason, scleral 
canal size may only be useful in differentiation of 
ODD from optic disc oedema in children, but this 
metric has yet to be validated (Table 4). Moreover, 
because of the considerable variance in Bruch’s mem
brane opening measures between normal individuals, 
and indeed pathological cases of optic disc oedema, 
this OCT finding may have limited value in the clinical 
setting.38

10 F. COSTELLO ET AL.
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Retinal and choroidal folds commonly occur in 
patients with papilloedema and other causes of 
optic disc oedema.41,42 In the recent Idiopathic 
Intracranial Hypertension (IIH) Treatment Trial 
retinal folds were detected with OCT in at least 
one eye, among 73% of patients.41 Sibony et al. 
have shown that en face and transverse axial OCT 
are more sensitive in detecting folds than fundus 
photos alone.41 These investigators have distin
guished four types of folds in cases of IIH with 
papilloedema, including: peripapillary wrinkles; 
inner retinal folds; outer retinal folds and creases; 
and choroidal folds.41,42 Notably, the improved 
sensitivity in detecting folds could help differentiate 
papilloedema from other causes of optic disc 
oedema, including ODD (Figure 8). The presence 
of retinal and choroidal folds in patients with ODD 

almost always indicates a coexisting cause of optic 
disc oedema. In a recent study using en face OCT, 
retinal or choroidal folds were found in 13 of 102 
(13%) patients with ODD (six with co-existing 
papilloedema, four with co-existing NA-AION, 
and one with co-existing uveitic disc oedema).43 

There were, however two patients (2%) with ODD 
and unexplained peripapillary wrinkles, without 
associated disc oedema. A prior bout of disc 
oedema with residual folds could not be entirely 
excluded in either one of these cases.43

Notably, longitudinal follow-up with OCT may 
also offer diagnostic information and help detect 
cases of subtle papilloedema that might otherwise 
be missed. Patients presenting with IIH for example 
tend to have variations in their RNFL measures that 
exceed the 5–6 μm test-retest variability of 

Figure 8. Images from an 18-year-old female with papilloedema, obstructive hydrocephalus and optic disc drusen (ODD). (a) Fundus 
photograph of an elevated optic nerve head, showing mild vessel tortuosity and obscuration of the entire disc margin. (b) Infrared en 
face optical coherence tomography (OCT) depicting peripapillary wrinkles on the temporal side of the optic disc (arrows). (c) Magnetic 
resonance imaging demonstrating ventricular enlargement caused by obstructive hydrocephalus. (d) Transverse axial OCT (30°, 
vertically scaled 3x, enhanced-depth imaging) at baseline. This image demonstrates ODD with signal-poor region and two small hyper- 
reflective caps (arrowheads). Bruch’s membrane layer is anteriorly deformed towards the vitreous (white arrow) relative to a horizontal 
reference line. The mean peripapillary retinal nerve fibre layer thickness measures 316 μm. [e] Follow-up transverse axial OCT 
performed after a ventriculostomy procedure shows a significant decrease in the disc elevation (mean peripapillary RNFL thickness 
measures 87 μm). The ODD are more visible. Moreover, the shape of Bruch’s membrane layer is flatter, moving posteriorly away from 
the vitreous towards the reference line.
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conventional OCT techniques. In these IIH cases 
the broad range of RNFL values observed over 
serial clinical visits may provide a clue to diagnosis. 
This observational “pearl” can be especially helpful 
in identifying cases of mild papilloedema (RNFL 
thickness measures < 200 µm), particularly for 
patients with normal vision and a paucity of symp
toms related to raised intracranial pressure.

Finally, it bears mentioning that many OCT 
measures included in Table 4 provide equivocal 
results. It is therefore imperative to rely on good 
clinical judgement to avoid misdiagnoses, when 
trying to identify cases of ODD and/or papilloe
dema. No one specific OCT measure will reliably 
exclude papilloedema. Thus, for some patients with 
an elevated optic nerve appearance, it may be 
necessary to perform detailed cranial imaging, and 
a lumbar puncture procedure, to exclude raised 
intracranial pressure as a potential mechanism. 
For the specific purpose of determining whether 
a patient has drusen with or without co-existing 
papilloedema, we recommend using the ODDS 
Consortium recommendations to reliably detect 
ODD (Table 2).

Conclusion

Optic disc drusen are clinically relevant to 
ophthalmic practice, both as an independent 
cause of vision loss, and as a potential mimicker 
of optic disc oedema, including papilloedema. 
Ongoing advances in OCT will continue to 
improve diagnostic accuracy and inform clinical 
understanding regarding structure-function cor
relations germane to the longitudinal follow up 
of ODD patients. Recent recommendations put 
forth by the ODDS Consortium are helpful in 
distinguishing cases of ODD from other causes 
of an elevated optic nerve appearance and can be 
used to identify ODD in patients with more than 
one reason for optic disc oedema. 
A comprehensive history and thorough clinical 
assessment form the bedrock of good clinical 
care, and these key steps must be taken to 
avoid misdiagnosis. Importantly, OCT should 
be viewed not as a substitute for either, but 
rather an extension of both, representing an 

ancillary test that complements the clinical 
assessment. In many cases, OCT may obviate 
the need for expensive and invasive ancillary 
testing, if ODD are quickly identified. As 
research continues to evolve in the area of ocu
lar imaging, so too will our understanding 
regarding the pathobiology of ODD, and the 
optimal management of these patients.
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